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Commentary: How acute and reversible are the cardiovascular

risks of secondhand smoke?
Terry F Pechacek, Stephen Babb

Could eating in a smoky restaurant precipitate an
acute myocardial infarction in a non-smoker? As
unlikely as this sounds, a growing body of scientific
data suggests that this is possible. In this context, the
results of the observational study in Helena, MT are
provocative: hospital admissions for acute myocardial
infarction declined by about 40% during the six
months in which a comprehensive local ordinance on
clean air was in effect, and rebounded after the
ordinance was suspended.’

Given the small size and observational design of
the study, these findings might be discounted or even
disregarded altogether. However, the study focuses
attention on an interesting subset of literature on
secondhand smoke and its consequences. We now have
a considerable amount of epidemiological literature
and laboratory data on the mechanisms by which rela-
tively small exposures to toxins in tobacco smoke seem
to cause unexpectedly large increases in the risk of
acute cardiovascular disease.””’

Secondhand smoke causes coronary heart disease
Exposure to secondhand smoke increases the risk of
fatal and non-fatal coronary heart disease in

-

non-smokers by about 30%."”*’ Because coronary

heart disease is a leading cause of death in many coun-
tries, even relatively small increases in risk from this
one factor can result in a large population burden of
disease attributable to exposure to tobacco smoke." "
While the substantial cardiovascular risks posed by
active smoking are now almost universally accepted,
the tobacco industry and some other observers
continue to question the idea that secondhand smoke
can cause cardiovascular disease and death.""
Notwithstanding the substantial clinical and experi-
mental evidence regarding the adverse cardiovascular
effects of exposure to secondhand smoke, some have
argued that an association between low level environ-
mental exposures and health outcomes should be
more critically evaluated, particularly when the relative
risk for the exposure is below 2.0." ** In addition, the
risk of coronary heart disease associated with the typi-
cal self reported level of exposure to secondhand
smoke (for example, that of a non-smoker living with a
smoker) can seem disproportionate. It is more than
one third of the risk associated with smoking 20
cigarettes a day, even though the measured exposure to
tobacco smoke among non-smokers is only about 1%
of the exposure from smoking 20 cigarettes a day.” *° '°
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This observation differs from the case for lung cancer,
where the excess risk for exposure to secondhand
smoke reflects a more linear dose-response effect in
comparison with the risk from smoking 20 cigarettes a
day? ** " While the epidemiological pattern of risks for
coronary heart disease might seem inconsistent with
the data on measured exposures, the emerging under-
standing of the mechanisms by which exposure to
toxins in tobacco smoke increases the risk of acute
myocardial infarction provides a biologically plausible
explanation of the data.”” ' '

Even small exposures to tobacco smoke rapidly
increase the risk

A substantial body of epidemiological and laboratory
data indicates that, unlike the case with lung cancer, the
risk of acute myocardial infarction and coronary heart
disease associated with exposure to tobacco smoke is
non-linear at low doses, increasing rapidly with
relatively small doses such as those received from sec-
ondhand smoke or actively smoking one or two
cigarettes a day.’ ' > At higher levels of exposure from
active smoking (for instance, five to 20 cigarettes a day),
the risk of coronary heart disease increases more
slowly and in a more linear way.* ** Consistent with the
epidemiological findings both for active smoking at
lower numbers of cigarettes a day and for exposure to
secondhand smoke, laboratory data suggest that even
small exposures significantly and rapidly increase
platelet aggregation and induce other arterial and
haemodynamic changes.”” ' ™" An acute myocardial
infarction is commonly precipitated by the activation
and aggregation of platelets and the resulting
formation of a thrombus or clot that obstructs the arte-
rial blood supply to part of the heart."”

Other mechanisms that increase the overall risk of
acute myocardial infarction and coronary heart
disease, such as reduced high density lipoprotein chol-
esterol and increased carboxyhaemoglobin concentra-
tions, have been shown to have a more linear
dose-response relation with exposure to tobacco
smoke.” Secondhand smoke has a small effect on
several of these other mechanisms, but the risk they
impart is much more substantial for the dose of toxins
delivered by active smoking (for example, from
smoking five or more cigarettes a day).

Law and Wald have produced a conceptual model
that integrates epidemiological risk data for ischemic
heart disease or coronary heart disease for active
exposure and exposure to secondhand smoke (figure).’
In this model, it is estimated that a large proportion,
and particularly the more acute aspects, of the risks
from exposure to the toxins in tobacco smoke come
close to peaking at relatively low levels of exposure,
increasing little with exposure to higher levels of active
smoking.” Research has identified the likely mecha-
nisms, including thrombosis, endothelial dysfunction,
and inflammation, by which smoking causes acute
cardiovascular events.”” ' ' 1

A recent epidemiological study found that,
compared with unexposed non-smokers, non-smokers
exposed to secondhand smoke had higher blood
chemistry values related to these types of
mechanisms—including white blood cells, C reactive
protein, homocysteine, fibrinogen, and oxidised low
density lipoprotein cholesterol concentrations—and
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[ Cause and effect: other mechanisms increasing risk of ischaemic heart
disease (for example, lower high density lipoprotein cholesterol
concentrations, raised carboxyhaemoglobin) - linear dosimetry

Cause and effect: platelet aggregation and other acute effects - maximal
effect at low doses
Confounding

e— Summation of evidence from meta-analysis of five large cohort studies of
active smoking

O Summary estimate from studies of environmental tobacco smoke exposure
(estimated to be equivalent to actively smoking 0.2 cigarettes a day)
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Dose-response association between exposure to tobacco smoke
toxins and ischaemic heart disease (adapted from Law and Wald®)

that the values for these biomarkers of inflammation
were similar to those observed in active smokers.”
Additionally, laboratory data suggest that even 30 min-
utes of exposure to a typical dose of secondhand
smoke induces changes in arterial endothelial function
in exposed non-smokers of a magnitude similar to
those measured in active smokers.”’ Finally, data on
smokers indicate that the risks of sudden death and
acute myocardial infarction decline within days or
months after smoking cessation.*”°* Hence, these
data and reviews of the laboratory findings on
mechanisms™ " ** * indicate that short term reduc-
tions in acute myocardial infarction events after reduc-
tions in exposure to low doses of toxins in tobacco
smoke are biologically plausible.

Smoke-free policies effectively reduce exposure
The US Surgeon General has concluded that exposure
to secondhand smoke is a common public health
hazard that is completely preventable.”” Exposures can
be dramatically reduced by eliminating smoking in all
enclosed public places and workplaces ** and by
encouraging smokers to adopt smoke-free rules in
their homes and cars.”® Primarily due to the changes in
smoke-free policies in the United States, cotinine con-
centrations (a tobacco specific biomarker of exposure)
decreased substantially among non-smokers from
1991-4 to 1999-2000, dropping 58% for children, 55%
for adolescents, and 75% for adults.*” However, even
with this reduction in exposure, the current estimate is
that in the United States secondhand smoke still causes
over 35 000 deaths from coronary heart disease each
year.”

Need for replication of results

Although the results of the study by Sargent and
colleagues' are consistent with the literature on the
risks of acute myocardial infarction associated with
secondhand smoke, the study has some important
limitations. Firstly, it contains no data on actual
exposures to secondhand smoke among residents or
cases, and thus no data on the changes in exposure to
secondhand smoke that may have occurred after the
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policy was implemented. It might be reasonable to
assume that levels of important smoke toxins within
public places in Helena covered by the ordinance
dropped dramatically. This effect has been observed in
other locations where similar policies have been
implemented, with air quality measurements showing
80-90% declines in public places.” Even if such
declines also occurred in Helena, some proportion of
non-smokers would still have been exposed in their
homes, cars, or other enclosed places not covered by
the ordinance. Thus, without more data, the pro-
portion of non-smokers in Helena among whom
exposures were significantly reduced during the six
months that the ordinance was in effect cannot be
known.

A second concern is that the geographical isolation
of the city, while making this type of study feasible, also
resulted in a small number of admissions for acute
myocardial infarction. As reported elsewhere, the typi-
cal number of acute myocardial infarction events per
month before the ordinance was only about six or
seven and was highly variable, with the actual number
per month ranging from none to about 10-12."
Although conservative statistical analyses were applied
to these data, due to the small number of events and
the lack of data on changes in active smoking, random
variation and factors other than secondhand smoke
exposure may have contributed to the findings.

Finally, the observed effect (a decline of an average
of 16 admissions for acute myocardial infarction for a
six month period) was substantially greater than what
might be expected. With smokers accounting for 38%
of the admissions, we can estimate that about 25
admissions (40x0.62 =24.8) were among former and
never smokers during the equivalent six month period
before the ordinance. Even assuming that the
proportion of acute myocardial infarction cases among
smokers was fairly constant across time, that all
non-smokers were frequently exposed to secondhand
smoke in public places, that virtually all this exposure
was eliminated by the ordinance, and that all coronary
heart disease risk related to this exposure was immedi-
ately reversed among non-smokers (that is, that risk
dropped from 1.3 to 1.0), the maximum impact on
admissions for acute myocardial infarction would be
predicted to be about 18-19% (0.30x24.8 =7.44; 7.44/
40=18.6%) during the six months that the ordinance
was in effect. Taking all of the above assumptions and
issues into consideration, a more conservative estimate
of the predicted reduction in acute myocardial
infarction events might be 10-15%. The authors
suggest that the smoke-free ordinance may also have
reduced exposure to secondhand smoke among
smokers, as well as encouraging smokers to stop smok-
ing or reduce consumption. No data are provided to
support this suggestion, but such changes in active
smoking could have contributed to some declines in
admissions for acute myocardial infarction. Recent
reviews and studies have found that the implementa-
tion of smoke-free policies typically reduces consump-
tion and promotes cessation among smokers.** !

The small number of acute myocardial infarction
events in this study produced a wide 95% confidence
interval in the analysis that includes the conservative
estimate of a 10-15% reduction. The width of the confi-
dence interval underscores the importance of addi-

tional, larger studies that could replicate the findings of
the Helena study' and provide more stable estimates of
the effect size. Because it would be unethical to conduct
a randomised trial that assigned adults at high risk of
cardiovascular disease to either frequent exposure to
secondhand smoke or no exposure and then compared
their rates of acute myocardial infarction, we must rely
on observational studies. Sargent et al’s study suggests
that future observational studies should be conducted in
larger geographical areas where “before-after” trend
analysis and the comparisons with “control” areas can be
performed with adequate power to detect even a 10%
reduction in acute myocardial infarction events. Addi-
tionally, future observational analyses should seek to
obtain data on actual exposure to secondhand smoke
before and after policy changes in order to document
how much exposures have declined among residents
overall and among non-smokers admitted for acute
myocardial infarction.

People at risk of coronary heart disease should
avoid exposure to secondhand smoke

Even without future studies or replications of these find-
ings' the data are sufficient to warrant caution regarding
exposure to secondhand smoke.” ** Clinicians should
be aware that such exposure can pose acute risks, and all
patients at increased risk of coronary heart disease or
with known coronary artery disease should be advised
to avoid all indoor environments that permit smok-
ing.*” ' Additionally, the families of such patients should
be counselled not to smoke within the patient’s home or
in a vehicle with the patient. In addition to its impact on
heart disease, exposure to secondhand smoke causes
lung cancer in non-smokers, respiratory infections and
asthma in children, and even death in exposed
infants* " * As the US Surgeon General and the US
Community Preventive Service Task Force have
noted,”** much of this important health risk is
preventable by the implementation of comprehensive
smoke-free policies similar to the policy that was imple-
mented in Helena for six months. Additional studies are
needed to confirm how much the exposure to the toxins
in tobacco smoke among non-smokers at risk for acute
myocardial infarction and coronary heart disease can be
reduced by the implementation of such comprehensive
smoke-free policies and to confirm that such reductions
in exposure can decrease rates of acute myocardial
infarction. If future studies replicate the positive results
from the Helena study, the public health implications
would be dramatic; thousands of acute myocardial
infarction events among non-smokers in countries
around the world could potentially be prevented each
year.

We thank David Nelson, Corinne Husten, Gary Giovino, Neal
Benowitz, Jonathan Samet, and David Burns for their comments
on earlier drafts. We also thank Peter Taylor and Rick L Hull
from the Editorial Services Branch of the National Center for
Chronic Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, for their editorial assistance.
Contributors: Both authors made a substantial contribution to
the literature review and drafting of the commentary, and both
authors have approved the final version. TFP is guarantor.
Funding: None.

Competing interests: None declared.

1 Sargent RP, Shepard RM, Glantz SA. Reduced incidence of admissions
for myocardial infarction associated with public smoking ban: before and
after study. BMJ 2004;328:977-80.

BM] VOLUME 328 24 APRIL 2004 bmj.com



Papers

10

11

12

13

16

17

19

20

US Department of Health and Human Services. Women and smoking: a
report of the Surgeon General. Washington, DC: US Government Printing
Office, 2001.

Benowitz NL. Cigarette smoking and cardiovascular disease: pathophysiol-
ogy and implications for treatment. Prog Cardiovasc Dis 2003;46:91-111.
Howard G, Thun MJ. Why is environmental tobacco smoke more
strongly associated with coronary heart disease than expected? A review
of potential biases and experimental data. Environ Health
Perspect1999;107(suppl 6):853-8.

Law MR, Wald NJ. Environmental tobacco smoke and ischemic heart dis-
ease. Prog Cardiovasc Dis 2003;46:31-8.

Burke A, Fitzgerald GA. Oxidative stress and smoking-induced vascular
injury. Prog Cardiovasc Dis 2003;46:79-90.

Howard G, Wagenknecht LE. Environmental tobacco smoke and
measures of subclinical vascular disease. Environ Health Perspect
1999;107(suppl 6):837-40.

He ], Vupputuri S, Allen K, Prerost MR, Hughes ], Whelton PK. Passive
smoking and the risk of coronary heart disease—a meta-analysis of
epidemiologic studies. N Engl | Med 1999;340:920-6.

Law MR, Morris JK, Wald NJ. Environmental tobacco smoke exposure
and ischaemic heart disease: an evaluation of the evidence. BMJ
1997;315:973-80.

Labarthe DR. Epidemiology and p tion of cardi
challenge. Gaithersburg, MD: Aspen Publishers,1998.
US Department of Health and Human Services. A public health action plan
to prevent heart disease and stroke. Atlanta, GA: US Department of Health
and Human Services, Centers for Disease Control and Prevention, 2003.
Muggli ME, Forster JL, Hurt RD, Repace JL. The smoke you don’t see:
uncovering tobacco industry scientific strategies aimed against environ-
mental tobacco smoke policies. Am | Public Health 2001;91:1419-23.
Enstrom JE, Kabat GC. Environmental tobacco smoke and tobacco
related mortality in a prospective study of Californians, 1960-98. BMJ
2003;326:1057-61.

American Council for Science and Health. Environmental tobacco smoke:
health risk or health hype? New York, NY: American Council on Science
and Health, 1999.

Bailar JC 3rd. Passive smoking, coronary heart disease, and meta-analysis.
N Engl | Med 1999:;340:958-9.

Barnoya ], Glantz SA. Secondhand smoke: the evidence of danger keeps
growing. Am | Med 2004;116:201-2.

International Agency for Research on Cancer. Monograph on the
evaluation of the carcinogenic risk of chemicals to humans. Tobacco smoke and
involuntary tobacco smoke. Vol 83. Lyons: International Agency for
Research on Cancer, World Health Organization (in press).

Puranik R, Celermajer DS. Smoking and endothelial function. Prog Car-
diovasc Dis 2003;45:443-58.

Glantz SA, Parmley WW. Passive smoking and heart disease. Mechanisms
and risk. JAMA 1995;273:1047-53.

Panagiotakos DB, Pitsavos C, Chrysohoou C, Skoumas J, Masoura C,
Toutouzas P, et al. Effect of exposure to secondhand smoke on markers of
inflammation: the ATTICA study. Am | Med 2004;116:145-50.

cular disea

:a global

21

22

o
ot

26

2

3

28

29

30

3

—

Otsuka R, Watanabe H, Hirata K, Tokai K, Muro T, Yoshiyama M, et al.
Acute effects of passive smoking on the coronary circulation in healthy
young adults. JAMA 2001;286:436-41.

US Department of Health and Human Services. The health benefits of
smoking cessation: a report of the Surgeon General. Washington, DC: US Gov-
ernment Printing Office, 1990.

US Department of Health and Human Services. Reducing tobacco use: a
report of the Surgeon General. Washington, DC: US Government Printing
Office, 2000.

Hopkins DP, Briss PA, Ricard CJ, Husten CG, Carande-Kulis VG, Fielding

JE, et al. Reviews of evidence regarding interventions to reduce tobacco

use and exposure to environmental tobacco smoke. Am | Prev Med
2001;20(2 suppl):16-66.

Heloma A, Jaakkola MS. Four-year follow-up of exposure, attitudes and
smoking behaviour following enactment of Finland’s national smoke-free
work-place law. Addiction 2003;98:1111-7.

Repace J. An air quality survey of respirable particles and particulate carcino-
gens in Delaware hospitality venues before and after a smoking ban. A report for
the Delaware Tobacco Prevention Coalition, February 2003. Silver Springs,
MD: Repace Associates, 2003. www.tobaccoscam.ucsf.edu/pdf/
RepaceDelaware.pdf (accessed 8 Mar 2004).

Travers M, Cummings KM, Repace ], Hyland A. Indoor air quality before
and after the New York state clean indoor air law in western New York
hospitality venues, July-August 2003. Paper presented at Society for
Research on Nicotine and Tobacco Annual Conference, Scottsdale,
Arizona, February 18-20, 2004.

California Department of Health Services. California tobacco control
update. Sacramento, CA: California Department of Health Services,
Tobacco Control Section, November, 2002. www.dhs.cahwnet.gov/
tobacco/documents/TCSupdate.PDF (accessed 8 Mar 2004).

US Department of Health and Human Services. Second national report on
human exposure to environmental chemicals. Atlanta, GA: US Department of
Health and Human Services, Centers for Disease Control and
Prevention, National Center for Environmental Health, 2003.

CDC. Annual smoking-attributable mortality, years of potential life lost,
and economic costs—United States, 1995-1999. MMWR Morb Mortal
Wkly Rep 2002;51:300-3.

Sargent RP, Shepard RM, Glantz SA. Immediate reduction in acute myo-
cardial infarction after the implementation of a comprehensive
smoke-free ordinance. Paper presented at the 52nd Annual Scientific
Sessions of the American College of Cardiology, Chicago, IL, March
30-April 2,2003.

Chapman S, Borland R, Scollo M, Brownson RC, Dominello A,
Woodward S. The impact of smoke-free workplaces on declining
cigarette consumption in Australia and the United States. Am | Public
Health 1999;89:1018-27.

Fichtenberg CM, Glantz SA. Effect of smoke-free workplaces on smoking
behaviour: systematic review. BMJ 2002;325:188-94.

Brownson RC, Hopkins DP, Wakefield MA. Effects of smoking
restrictions in the workplace. Ann Rev Public Health 2002;23:333-48.

Normal serum aminotransferase concentration and risk of
mortality from liver diseases: prospective cohort study
Hyeon Chang Kim, Chung Mo Nam, Sun Ha Jee, Kwang Hyub Han, Dae Kyu Oh, Il Suh

Abstract

Objective To examine the relation between the
normal range of serum aminotransferase
concentration and mortality from liver disease.
Design Prospective cohort study.

Setting Korea Medical Insurance Corporation study
with eight years’ follow up.

Participants 94 533 men and 47 522 women aged
35-59 years.

3.0) and 8.0 (6.6 to 9.8) in men and 3.3 (1.7 to 6.4)
and 18.2 (8.1 to 40.4) in women, respectively, The
corresponding risks for alanine aminotransferase
were 2.9 (2.4 to 3.5) and 9.5 (7.9 to 11.5) in men and
3.8 (1.9 to 7.7) and 6.6 (1.5 to 25.6) in women,
respectively. According to receiver operating
characteristic curves the best cut-off values for the
prediction of liver disease in men were 31 IU/1 for
aspartate aminotransferase and 30 IU/1 for alanine
aminotransferase.

Main outcome measure Mortality from liver diseases
according to death certificate.

Results There was a positive association between the
aminotransferase concentration, even within normal
range (35-40 IU/1), and mortality from liver disease.
Compared with the concentration <20 IU/1, the
adjusted relative risks for an aspartate
aminotransferase concentration of 20-29 IU/I and
30-39 IU/1 were 2.5 (95% confidence interval 2.0 to
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Conclusion People with slightly increased
aminotransferase activity, but still within the normal

range, should be closely observed and further
investigated for liver diseases.

This is the abridged version of an article that was posted on
bmj.com on 17 March 2004: http.//bmj.com/cgi/doi/10.1136/
bmj.38050.593634.63
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